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population and employment across space in such a way that no single center
dominates over others. However, determining the boundaries and defining and
operationalizing the concept of "center" remains a significant methodological
challenge in measuring polycentricity. Bottom-up methods and big data-based
approaches can avoid biases arising from defining study boundaries based on
administrative and statistical units and prevent the forced selection of secondary
centers within such boundaries. Accordingly, the present study seeks to assess
the morphological polycentricity of the Tehran-Karaj-Qazvin mega-region over
a 13-year period. This is done by employing LandScan data as an open-source big
data repository and using spatial exploratory data analysis (ESDA), Local Moran's
analysis, hotspot analysis, the entropy index, and the relative polycentricity
index. The study's findings indicate that while Tehran continues to play a
dominant role in the region, the gradual emergence and strengthening of
secondary centers in peri-urban areas, such as Eslamshahr, Rey, and Pakdasht,
are challenging its dominance. Furthermore, the sustained presence of cities like
Malard, Varamin, and Robat Karim in the list of potential centers signifies the
formation of a polycentric pattern in the peri-urban areas of the Tehran and
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1. Introduction

Polycentricity, as a key concept in urban
and regional planning, with its emphasis
on the balanced distribution of population
and resources, plays a significant role in
enhancing economic efficiency and
achieving balanced development.
However,  measuring  polycentricity
remains a major challenge due to
differences in the definition and
operationalization. In fact, no region is
entirely monocentric or polycentric;
rather, these concepts encompass a
spectrum of different structures that vary
depending on the geographical scale and
different analytical perspectives. In recent
years, polycentricity studies have been
primarily  cross-sectional, and the
limitations of big data have made the use
of data integration methods to study
spatial evolution a rare technique.

In Iran, although numerous studies
have been conducted at various regional
scales and metropolitan and national
levels, less attention has been paid to the
supra-regional scale and levels beyond
provinces, longitudinally, and using big
data. The level of polycentricity of the
Tehran metropolitan area has often been
measured by domestic researchers based
on the two provinces of Tehran and
Alborz. While these studies do not seem to
conform to the country's administrative
boundaries at first glance, they still follow
the country's political divisions before
2010 - the formation of Alborz province -
and ignore Qazvin province in this area.
Based on this, the present study, using
LandScan data and statistical approaches,
measures the morphological
polycentricity of the Tehran-Karaj-Qazvin
super-region over 13 years.

2. Research Methodology

This study selected 29 counties in the
three provinces of Tehran, Alborz, and
Qazvin due to their geographical
proximity and strategic importance in
transportation and economic networks.
The data used were extracted from the
LandScan database, which records the
average population distribution over 24
hours with a spatial resolution of
approximately 1 kilometer, enabling
longitudinal studies regardless of political
and administrative boundaries. The local
Moran's I statistic (Moran, 1950) was used
to identify potential centers where
population grids were identified as high-
density clusters with high-density
neighbors (HH) based on a fixed distance
criterion.
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Subsequently, these centers were
validated using hotspot analysis. In this
analysis, the Gi* statistic was employed to
study spatial autocorrelation, and areas
surrounded by high population density at
a 5% significance level (Z(Gi*) > 1.96) were
identified as sub-centers.
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Finally, the degree of relative supra-
regional polycentricity was calculated
using three dimensions: the number of
urban centers (N), the degree of density
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(R), and the degree of center balance (HI),
which is calculated based on the entropy
index. In this calculation, the ratio of the
standardized score of the local Moran's I
analysis to the total standardized score of
Moran's I in all centers of the region was
used.

N
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3. Research Findings

Findings indicated that between 2010 and
2022, the spatial structure of the region
was in a transition phase from
monocentricity to polycentricity. The
changing hotspots evidenced positive
growth in population density and
employment of secondary urban centers
relative to the negative growth of Karaj
and Qazvin. The research results suggest
that although the dominant role of Tehran
city in the region continues, the
emergence and gradual strengthening of
secondary centers in peri-urban areas
such as Islamshahr, Rey, and Pakdasht
have challenged its dominance. Moreover,
the continued presence of cities such as
Malard, Varamin, and Robat Karim on the
list of potential centers indicates the
formation of a polycentric pattern in the
peri-urban areas of the two metropolitan
regions of Tehran and Alborz. However,
the urban system of Qazvin province still
follows a relatively centralized
hierarchical structure and a territorial
logic within the province. Therefore, it
plays a small role and has a limited
contribution compared to Tehran and
Alborz in the overall process of
polycentricity in this super-region.

4. Discussion and Conclusion
This research employed a combination of
analytical methods and big data to assess

the morphological polycentricity of urban
agglomerations (Tehran- Alborz-
Ghazvin). Studies have shown that the
spatial structure of this mega-region is
transitioning from monocentric to
polycentric over time. While the
development and consolidation of this
spatial structure, especially in peri-urban
areas, can, on the one hand, lead to
specialization, the use of agglomeration
economies, and synergistic relationships
such as access to job opportunities and
labor productivity, on the other hand, it
may lead to some areas experiencing
agglomeration shadow effects such as a
lack of urban amenities and facilities due
to commuting to central areas.
Nevertheless, the findings support, to
some extent, the hypotheses raised about
the resilience of polycentric structures in
Spain and Poland in a way that economic
interactions and spatial relationships in
the region, after the shock of the COVID-
19 pandemic, returned from a centralized
pattern during that time to a decentralized
structure prior to 2020.

Furthermore, Landsat data is based on
population and employment densities.
During the pandemic, a significant portion
of the workforce spent most of their day at
home due to remote work. Thus, the
polycentric  trend shifted towards
centralization. In other words, a
significant portion of the workforce of the
main centers is active in the peripheral
sub-centers. Therefore, it can be
concluded that the functional
polycentricity of the Tehran metropolitan
region is much higher than its
morphological polycentricity.

This research is limited by the lack of
reliable flow data, a focus solely on
morphological variables, and the inability
to measure performance and connectivity
indicators. For future studies, it is
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suggested to assess agglomeration
economies and shadow effects, examine
the resilience of small and medium-sized
centers in peripheral areas, study
connectivity and flow indicators on a
larger spatial and functional scale, utilize
diverse flow data such as capital and
information, and conduct a deeper
investigation into the forces and drivers
shaping this spatial phenomenon.
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